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Abstract
Background: Liver fluke infection caused by the parasite Fasciola hepatica is a major cause of production losses to
the cattle industry in the UK. To investigate farm-level risk factors for fluke infection, a randomised method to recruit an
appropriate number of herds from a defined geographical area into the study was required. The approach and hurdles
that were encountered in designing and implementing this study are described. The county of Shropshire, England,
was selected for the study because of the variation between farms in exposure to fluke infection observed in an
earlier study.
Results: From a sampling list of 569 holdings in Shropshire randomly drawn from the RADAR cattle population
dataset, 396 (69.6%) holdings were successfully contacted by telephone and asked if they would be interested in
taking part in the study. Of 296 farmers who agreed to receive information packs by post, 195 (65.9%) agreed to
take part in the study. Over the period October 2014 – April 2015 visits were made to 100 dairy and 95 non-dairy
herds. During the farm visits 40 faecal samples +/− bulk-tank milk samples were collected and a questionnaire
administered. Composite faecal samples were analysed for the presence of F. hepatica eggs by sedimentation
and bulk tank milk samples were tested with an antibody ELISA for F. hepatica. Forty-five (49%) of non-dairy
herds were positive for liver fluke infection as determined by the finding of one or more fluke eggs, while 36
(36%) dairy herds had fluke positive faecal samples and 41 (41%) dairy herds were positive for F. hepatica antibody.
Eighty-seven (45.8%) farmers said that they monitored their cattle for liver fluke infection and 118 (62.1%) reported that
they used flukicide drugs in their cattle.
Conclusions: Using a protocol of contacting farmers directly by telephone and subsequently sending information by
post, 79% of the target sample size was successfully recruited into the study. A dataset of farm-specific information on
possible risk factors for liver fluke infection and corresponding liver-fluke infection status was generated for the
development of statistical models to identify risk factors for liver fluke infection at the farm-level.
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Background
Liver fluke infection, caused by the trematode parasite
Fasciola spp., has an economic impact on livestock pro-
duction worldwide as a result of both morbidity and
mortality. In the UK, where the predominant host
species are cattle and sheep, liver fluke infection costs
the agricultural industry in the region of £300 million
per year due to production losses. Acute clinical disease
or sudden death due to liver fluke, a common feature of
disease in sheep, is rare in cattle. In dairy cattle liver
fluke has been associated with reduced milk produc-
tion [1, 2], reduced milk fat content and increased
calving interval [3]. In high yielding dairy cows, an in-
crease in F. hepatica exposure from the 25th to the
75th percentile was associated with a 15% decrease in
milk yield [4]. In beef cattle the impact of liver fluke
infection on growth rate and weight gain has been less
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easy to demonstrate [5]. Carcasses from cattle infected
with fluke had lower cold weight, lower conformation
score and lower fat content than carcasses free of liver
fluke in a study of abattoir data in Scotland [6]. Milk
yield in dairy cattle or carcass weight of slaughtered
beef cattle are reported to decrease on average by 3–5% or
0.5–0.7% respectively [7].
Recent estimates of the prevalence of liver fluke infec-
tion in dairy herds in the UK are 80% in 2012 in Eng-
land, Wales and Scotland [4]; 48 and 86% in 2006–2007
in England and Wales respectively [8]; 72 and 84% in
2005 in England and Wales respectively [9]; and 61–65%
in 2011–2013 in Northern Ireland [10]. Traditionally in
the UK, most cases of fasciolosis are found in wetter,
western areas which provide ideal climatic conditions;
however in recent years fasciolosis has emerged in
other areas including East Anglia and parts of Scotland
[11, 12]. Seasonal risk forecasts that provided an ap-
proximation of the potential impact of climate change
on fasciolosis in the UK predict an overall long term in-
crease in prevalence of infection in all regions of the
UK with an expectation of spatio-temporal variation in
risk levels [13].
Liver fluke has an indirect life-cycle involving a snail
intermediate host. Principle definitive hosts of F. hepatica
in the UK are cattle and sheep, however wild herbivorous
animals such as deer, rabbits and hares may act as reser-
voir hosts. Liver fluke have an indirect life cycle involving
a snail intermediate host. Undifferentiated fluke eggs are
passed out in the faeces of infected animals. The egg
hatches to release a miracidium which enters the snail.
The main intermediate host is Galba truncatula, the am-
phibious dwarf pond snail. Following further development
in the snail, several hundred cercariae are released which
then encyst on the pasture. Cattle, sheep and other herbi-
vores become infected when they ingest contaminated
herbage, the metacercariae hatch, the newly excysted juve-
niles burrow through the gut wall and migrate into the
liver. [18]. In the presence of suitable definitive hosts, de-
velopment of F. hepatica is dependent primarily on there
being suitable environmental conditions for the snail hosts
and the intra-molluscan and free-living stages of the para-
site. Rainfall and temperature are critical to the develop-
ment of both the parasite and snail. Other determinants
such as soil properties [14], vegetation and altitude [15]
and farm management factors [16] may also influence F.
hepatica transmission. In a recent study of farm manage-
ment and environmental risk factors for F. hepatica ex-
posure in high yielding dairy herds in Great Britain, higher
rainfall, grazing boggy pasture, presence of beef cattle on
farm, access to a stream or pond and smaller herd size
were all associated with an increased rate of exposure [4].
Control of fasciolosis is aimed at reducing the preva-
lence of disease to permit economic livestock production,
as it is unlikely that infection will be eradicated [17]. There
are currently no commercial vaccines; hence control is
based on the use of anthelminthic drugs to reduce disease
and sub-clinical economic losses and the rate of contam-
ination of pastures by reducing fluke egg output [18], to-
gether with pasture management, including drainage to
reduce the survival of free-living stages and to prevent the
establishment of snail populations [19]. There are a num-
ber of medicines available to treat cattle for fluke (fascioli-
cides); these vary in terms of whether they target the
immature or adult stages of the parasite and their milk
and meat withhold periods. The drug of choice for treat-
ment of fasciolosis is the benzamine derivative triclaben-
dazole, because it is effective against both adult and
juvenile fluke [20, 21]; however resistance to triclabenda-
zole has been reported in a number of countries, [21–30]
which is a cause for concern especially as triclabendazole
is also the drug of choice to treat human fasciolosis. Tri-
clabendazole may only be used at the start of the dry
period in dairy animals because of its long withhold
period, e.g. milk for human consumption can only be
taken from 50 days after treatment with Fasinex® 240
(Elanco Animal Health) [31] In dairy herds with
year-round calving, treatment for fluke is likely to be done
throughout the year. In the UK, the majority of cattle
herds are housed through the winter months; once
housed, cattle should no longer be at risk of infection.
Hence farmers often treat cattle at a time after housing, to
ensure that any fluke present will be killed.
If farmers are able to accurately assess the risk of fascio-
losis in their specific location they will be able to make
informed decisions on treatment and prevention of dis-
ease. Such targeted control programmes should not only
result in reduced use of fasciolicides but also lead to better
disease control. In the UK, the National Animal Disease
Information Service (NADIS) produces a parasite forecast
for 10 regions in Great Britain and Ireland (http://
www.nadis.org.uk/). This provides farmers with a forecast
of the risk of fluke infection on a regular basis, however
the coarse spatial resolution of the forecasts do not pro-
vide farmers with an accurate assessment of risk of disease
to the livestock in their farm.
In an earlier study we developed linear regression
models, using a combination of environmental, soil and
climatic variables, to describe the observed pattern of
exposure to F. hepatica in England and Wales using
UK postcode area (PCA) to define a spatial unit [32].
The area of these PCAs varied from approximately
150–6000 km2, with a mean of 2000 km2. Whilst the
model explained over 73% of the spatial variation in ex-
posure it did not account for variation of exposure
within PCAs. This paper describes the methodology
used to recruit nearly 200 dairy and beef enterprises
within a small spatial area, to identify more precisely
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farm-level determinants of F. hepatica infection that
may explain the variation in prevalence of fluke infection
between farms exposed to the same climatic variables. We
describe the processes used to identify, contact and recruit
farms into the study; once farm proprietors had agreed to
participate, visits were made to the farms during which
samples were collected to be analysed for evidence of F.
hepatica infection and a questionnaire administered to
collect farm demography, herd health and land and herd
management information. Whilst the main aim of this
paper is to describe a framework for a truly random re-
cruitment of participants into a study, we also include pre-
liminary data on the prevalence of F. hepatica infection in
cattle herds in a major farming area of England.
Methods
Study population
To estimate the prevalence of exposure to F. hepatica in
the study area 124 dairy and 124 beef (non-dairy) herds
were required for a study with 7.5% precision and 95%
level of confidence, based on an assumed herd preva-
lence of exposure to F. hepatica of 76%. Under a data
confidentiality agreement with the Animal and Plant
Health Agency (APHA), data on all agricultural holdings
in England with dairy and/or beef herds were obtained
from the Rapid Analysis and Detection of Animal-related
Risk (RADAR) cattle population dataset [33]. This data-
base combines the lists held by the Agricultural Census,
the Animal Movements Licensing System and the British
Cattle Movements Service. Data provided on agricultural
holdings included their County Parish Holding (CPH)
number, the farm name and address, the Ordnance Survey
Easting and Northing and the number of cattle of each
breed registered at each holding on 1 May 2014. Most
holdings were represented by one farm; however some are
used by more than one farm.
Cattle farms in the county of Shropshire in England
were chosen as the study population because this popu-
lation contains large numbers of both dairy and beef
farms, and exposure to fluke infection varies from nega-
tive to high, based on our 2006/7 survey. A sampling
frame of agricultural holdings identified as being located
in Shropshire by their postal address, was constructed
from the RADAR cattle dataset. The sampling frame com-
prised 1970 holdings each with between 1 and 2929 cattle
registered. Using internet search engines (Google.com and
bing.com) phone numbers were found for 1129 holdings;
the name of the farm proprietor was also obtained for
many of the farms. Two lists comprising 576 holdings
with 50 or more non-dairy and 405 holdings with 50 or
more dairy breed type cattle were created for a random se-
lection of holdings to be contacted. Based on experience
from similar studies, and assuming a participation rate of
40% amongst farmers contacted, a sampling list of 310
beef and 310 dairy herds was required. Random num-
bers generated in MS Excel were used to select 310
holdings with cattle of each type. Some holdings were
selected in both categories; this resulted in a final list of
569 holdings; 300 holdings remained unselected. The
list of holdings was randomised to ensure recruitment
in a random order to reduce the risk of bias in the time
of contacting holdings and subsequently visiting farms
and collecting samples.
Farmer recruitment
Farmers were invited to take part in the study by tele-
phone in the order of the random recruitment list. Be-
tween one and seven attempts were made to contact
farmers from 15 October 2014–31 March 2015; when
attempts had been made to call all the farms the re-
cruiter returned to the beginning of the list. At the be-
ginning of the phone call, the recruiter asked to speak to
the proprietor of the farm. Using a prepared script the
recruiter then provided information about the study and
offered to send further information by post. When pos-
sible, eligibility of the farm was determined during the
phone call. Inclusion criteria for the study were that
there were at least 40 cattle aged at least one year, the
cattle had not been treated with an anthelminthic for
liver fluke in the previous 12 weeks and the cattle had
grazed on pasture on the farm during 2014. The
12-week restriction was not applied to dairy herds with
year-round calving which were likely to have year-round
liver fluke treatment regimes. If the proprietor was not
available and a suitable time to call back could not be ar-
ranged, agreement to send the information by post was
made. If the farmer was unwilling to receive the infor-
mation pack, or for any other reason the study informa-
tion was not sent, the reason was recorded. Herds were
classified as dairy or non-dairy (beef suckler, stores/fin-
ishers and dairy replacements) based on the details pro-
vided during the phone call.
An information pack comprising a Participant Informa-
tion Sheet, Consent Form and personalised letter was sent
to farmers within a week of the recruitment phone call.
The Participant Information Sheet provided full details of
the study including its objectives, the funding agencies,
and what the farmers would be required to do. Farmers
were advised that they would be contacted again shortly
to be asked if they would be interested in taking part.
One to 3 weeks later, farmers were re-contacted by
phone, again using a prepared script, to ask them if they
were interested in taking part in the study; if they were,
a farm visit was arranged. Again, reasons for not agree-
ing to a visit were recorded. A maximum of nine at-
tempts were made to re-contact farmers by telephone.
All telephone calls and farm visits were made by the
same research scientist. Recruitment was made on a
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rolling pattern with the aim of obtaining agreement from
10 to 16 farmers per week and to visit 8−10 farms each
week. A number of farms located in counties that bor-
dered Shropshire were included in the study – all farms
in the RADAR dataset with ‘Shropshire’ in the postal ad-
dress were included however some were spatially located
outside the county border. The study farms were located
in an area of approximately 4800 km2.
Description of questionnaire
The questionnaire was piloted on five farms outside the
study area. Initially two versions of the questionnaire
were used, one for beef and one for dairy farms. After
the pilot, a number of adjustments were made including
the change to a single version for all herd types.
The final 12 page questionnaire was divided into three
sections which covered details about the farm demog-
raphy and herd health, the herd, pastures and farm man-
agement, and cattle production and fertility. Both closed
and open-ended questions were used. Questions were
designed to determine whether there was a history of
liver fluke infection in the herd and to find out if any
flukicide drugs were used on the farm and if so, which
drugs were used, frequency of treatment and which clas-
ses of cattle (and sheep) were treated.
Farm visit
Signed consent forms were either returned by mail to
the study team at the University of Liverpool or col-
lected during the visit.
During the farm visit, which lasted between 1 and 2 h,
the questionnaire was completed during a face to face inter-
view with the farmer or their representative. Due to time
constraints for six farms the questionnaire was left with the
farmer to complete and return by mail to the study team at
the University of Liverpool. Three of these six farmers failed
to return the questionnaire by post. Interviewees identified
areas used for cattle grazing during the 2014 grazing season
on farm maps or by providing parcel numbers of the areas
grazed. On some farms, photographs were taken of habitat
that could potentially harbour G. truncatula.
During farm visits, 40 separate faecal samples were
collected from individual faecal pats on the pasture or
the floor of the shed if cattle were housed. In non-dairy
herds, faecal samples were collected from the main cat-
tle group, i.e. from suckler cows, store cattle, fattener
cattle or replacement heifers. If the main group of cattle
was made up of less than 40 animals, samples were col-
lected from adult cattle, where available. On dairy farms,
faecal samples were collected from the cows that were
in milk on the day of the visit; additionally, a milk sam-
ple was collected from each bulk tank. A preservative
bronopolnatamyin (MSI, Nottingham) was added to the
milk samples at the time of collection.
Determination of F. hepatica infection status
Faecal egg counts
The faecal samples were stored at 4 °C until analysis.
For the faecal analysis, the Herdsure® protocol [34] was
followed. This uses composite faeces samples to estab-
lish the liver fluke infection status of a herd. In brief, 5 g
of faeces was taken from each faecal sample and pooled
into four 50 g composites for each farm. Each composite
sample was mixed with water and a full faecal egg count
carried out using the sedimentation technique [35]. By
testing four pools of 10 samples there is a 95% confidence
level of detecting one positive animal if the within herd
prevalence is at least 20%. F. hepatica eggs per gram of
faeces was calculated for each composite sample. Farms
were classified as positive if one or more fluke eggs were
detected in at least one of the four composite samples.
Bulk tank milk samples
F. hepatica antibody levels in the bulk milk tank (BMT)
samples were determined using an F. hepatica excre-
tory/secretory (ES) antigen specific enzyme-linked im-
munosorbent assay (ELISA) as previously described [8].
Results were expressed as a percent positivity (PP),
which is the optical density (OD) reading of test sample
divided by the OD of a positive control, times 100. If the
test sample is more strongly positive than the control,
the PP will exceed 100%. Herds classed as positive were
categorised into low positive (LP) (27 ≤ PP-value < 50);
medium positive (MP) (50 ≤ PP-value < 100) and high
positive (HP) (PP-value ≥ 100). The sensitivity and speci-
ficity of the ELISA to detect herds in which more than
25% of the cows are infected are 96% (95% CI 89–100%)
and 80% (95% CI 66–94%), respectively [8].
All farmers were provided with written results for
their farms.
Data analysis
An MS Access database was constructed to hold all data
generated relating to farmer recruitment, including tele-
phone call records, for the selected holdings.
The questionnaires were checked manually for incon-
sistencies and then entered into a database (Epi Info™
version 7.0). Descriptive statistics were estimated and
comparisons between the dairy and non-dairy farms per-
formed using STATA (StataCorp. 2015. Stata Statistical
Software: Release 14. College Station, TX: StataCorp LP).
A Geographical Information System (GIS) (ArcGIS ver-
sion 10.1) was constructed using data layers of the liver
fluke infection prevalence levels at the study farms.
To determine whether there is a statistically significant
association between (a) total cattle; (b) grass acreage and
farm type (dairy or non-dairy), given that both outcomes
are counts the first model of choice is a Poisson
log-linear model. The Poisson model assumes that the
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mean and the variance of the outcome data are the
same, however in the case of both outcomes the vari-
ance of the data is considerably larger than the mean
(mean = 246.9; variance = 29,877.2 for total cattle;
mean = 48.1, variance 752.1 for grass acreage). This
effect is consistent with most farms having smaller
numbers of cattle/acres of grass, and fewer farms hav-
ing very large numbers of cattle/acres of grass. An
ad-hoc way of handling this is to fit the model using
quasi-likelihood (a “quasi-poisson model”), which al-
lows the dispersion parameter (which is fixed at 1 in
the standard Poisson model) to vary, and to be esti-
mated from the data (in the presence of over-dispersion
the estimated dispersion parameter will be greater than 1).
The significance of coefficients in a Poisson model which
does not allow for over-dispersion will be over-stated, and
the effect of allowing for over-dispersion will be to make
the estimated coefficient standard errors larger, thereby
reducing their significance in the model. We hence fit
a quasi-Poisson model to each of the outcomes with
farm type (coded 1 = dairy, 0 = non-dairy) as a single
covariate.
The Kulldorff spatial scan statistic was used to test
whether liver fluke infected farms were randomly dis-
tributed within the study area and if not, to identify sig-
nificant spatial anomalies [36]. Analysis was performed
using the Bernoulli model implemented in version 9.4 of
the SaTScan software (https://www.satscan.org/). This
programme creates circular windows that are moved
systematically throughout the geographic space to iden-
tify significant anomalies in the spatial distribution of in-
fection. The windows are centred on each of the farms;
the maximum window size, to be specified by the user,
was defined here as 50% of the farms (i.e. the largest
possible cluster would encompass 50% of the farms). For
each location and size of the scanning window, SaTScan
performs a likelihood ratio test to evaluate whether in-
fection is more prevalent inside than outside that given
circular window. Separate analyses were performed for
(1) dairy farms with positive BTM samples, (2) dairy
farms with positive faecal samples, and (3) non-dairy
farms with positive faecal samples. P values were deter-
mined by Monte Carlo replications of the data set; a 5%
significance level was adopted [37].
Results
Recruitment
Nine hundred and seventy-four phone calls, lasting a
total of 1528 min were made to recruit farmers to the
study (Table 1). A minimum of 1 min was recorded for
every phone call which was answered, had an answer
phone message or was not answered. It was not possible
to make telephone calls to 28 farms because the tele-
phone number was not valid. Of the 569 farms selected,
contact was made with 396 (69.60%); 296 of those con-
tacted agreed to receive further information about the
study. It was not possible to contact 173 (30.40%) farms
in the list of selected farms for a variety of reasons
(Table 2). Due to the working pattern of many farmers,
phone calls were generally made between 9 and
10.30 am, 12–13.30 pm and after 4 pm unless arrange-
ments were made to speak to farmers at other times.
Twenty-seven percent of the recruitment telephone calls
where a farmer was successfully contacted were made
between 5 and 6 pm. Phone calls made between 12 and
1 pm and 4–5 pm each resulted in 12% of the total suc-
cessful recruitment phone calls.
Figure 1 provides a flow chart of the recruitment
process.
Seven hundred and eighty five follow-up phone calls,
lasting 1328 min were made to the 296 farmers who
had been sent information packs (Table 3); 195 (65.54%)
farmers agreed to take part in the study and a farm visit
was arranged. It was not possible to re-contact 13 farmers.
The reasons for non-participation in the study are pro-
vided in Table 4. Overall 56% of farmers who had been
Table 1 Summary of the number of attempted telephone calls
made to recruit farms to the study
Number of calls Number (%) of farms
All farms Farms successfully contacted
0 28 (4.9)a –
1 281 (49.4) 246 (62.1)
2 166 (29.2) 106 (26.8)
3 60 (10.5) 27 (6.8)
4 13 (2.3) 8 (2.0)
5 5 (0.9) 3 (0.8)
6 8 (1.4) 5 (1.3)
7 8 (1.4) 1 (0.3)
Total 569 396
aTelephone numbers used were not valid
Table 2 Summary of farms which could not be contacted - results
of phone calls made
Telephone call result Number of farms (%)
Number not valid/not connected 28 (16.2)
Wrong number – telephone call answered but
not correct for farm
19 (11)
No answer 26 (15)
Answerphone 85 (49.1)
Call answered, unable to speak to proprietor
and failed to make contact with farm again
15 (8.7)
Total 173
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contacted but did not take part were unwilling either
because they were too busy or not interested. Other
reasons for non–participation included farms not ful-
filling inclusion criteria for the study or ill health of
the farmer.
Visits were made to 195 farms between 29 October
2014 and 30 April 2015. The farms that participated
in the study comprised 100 dairy herds and 95
non-dairy (75 beef suckler, 14 stores/finishers and six
dairy replacements). A total of 192 questionnaires
were completed. During the visits made to two beef
suckler farms it was revealed that the cattle had been
treated with fasciolicides within the previous
12 weeks. Faecal samples were collected and analysed
for these two farms but the results were excluded
from any further analysis. Faecal samples from one
dairy and two non-dairy farms were not available for
analysis.
Questionnaires
Farms with a milking herd were classed as dairy
farms; all other farms were classed as non-dairy
farms. Table 5 provides a summary of the farm size
and number of each class of cattle and sheep on each
enterprise.
The outputs from the quasi-Poisson model are displayed
in Table 6. The positive sign of the dairy/non-dairy term
in each case suggests that dairy farms have more cattle
and more grass acreage than non-dairy farms. The de-
gree of statistical significance of these findings is
assessed via analysis of deviance of the fitted models,
using an F-test which is appropriate when quasi-likeli-
hood is used. The analysis of deviance confirms that
there is a statistically significant positive association
between the total number of cattle and the type of
farm (F = 38.02, p ≈ 0) but the association between
total grass acreage, though positive, is not statistically
significant (F = 1.503, p = 0.222).
Fig. 1 Flow chart showing recruitment of farms into study
Table 3 Summary of the number of attempted follow-up phone
calls made to farms that had been sent recruitment packs
Number of calls Number of farms (%)
0a 8 (2.7)
1 87 (29.4)
2 73 (24.7)
3 56 (18.9)
4 28 (9.5)
5 19 (6.4)
6 10 (3.4)
7 7 (2.4)
8 4 (1.4)
9 4 (1.4)
Totals 296
aThe farm visit was arranged at the time of the initial phone call for eight farms
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Evidence of liver fluke in herds and use of fasciolicides as
reported in questionnaires
Eighty-seven farmers of the 190 farmers who completed
the questionnaire (45.8%) said that they monitored their
cattle for liver fluke infection. Sixty-one (62.2%) and 26
(28.3%) of dairy and non-dairy farmers respectively said
they monitored their cattle for fluke using one or more
methods. Table 7 summarises the results reported by
farmers of tests carried out to monitor fluke infection on
the farms. Some farmers reported that they suspected
that liver fluke infection was present but did not have
any definitive evidence of fluke infection in their cattle.
On 91 (47.9%) farms, farmers reported either recent,
past (more than two years ago) or suspected fluke infec-
tion (Table 8). Fasciolicide use was reported in cattle and
sheep, and in cattle only, on 135 (71.1%) and 118
(62.1%) farms respectively (Table 9).
Prevalence of F. hepatica
Bulk tank milk samples were analysed for 100 herds and
faecal analysis results were available for 190 herds. In
the dairy herds 41 (41, 95% CI 31.4–50.6%) of 100 BTM
samples tested positive for antibodies to F. hepatica
(Table 10). Across all herds, 81 (42.6, 95% CI 35.6–49.7%)
of 190 composite faecal samples were positive for F.
hepatica eggs (Table 11). The prevalence of faecal posi-
tivity was greater in non-dairy herds compared to dairy
herds: 45 (49.5, 95% CI 39.2–59.7%) of 91 and 36 (36.4,
95% CI 26.9–45.8%) of 99 composite faecal samples re-
spectively. Faecal positivity rates each month ranged
Table 4 Reasons provided by farmers for non-participation in study
Reason for non-participation Recruitment Stage Total farms (%)
Initial phone call Follow-up phone call
Cattle do not go out 13 2 15 (8)
No cattle/not farming 16 0 16 (8.5)
Not interested or did not want to take part 27 39 66 (35.1)
Too busy/no time 11 29 40 (21.3)
Cattle treated with fasciolicides within
the last 90 days
8 8 16 (8.5)
Not enough cattle (< 50) 12 4 16 (8.5)
Retired/ill health/death 11 5 16 (8.5)
Otherwise unsuitable 2 1 3 (1.6)
Totals 100 88 188
Table 5 Summary of farms size (acres) and numbers of cattle and sheep according to class present on the study farms as reported
by farmers. Only farms with at least one animal are included for each class
Variable Dairy Non-dairy All farms
No. of farms Mean Min Max No. of farms Mean Min Max No. of farms Mean Min Max
Total acres 95 346.5 40 5000 91 370.2 27 1600 186a 358.1 27 5000
Grassland acres 98 251.1 30 1236 90 221 27 900 188b 236.7 27 1236
Dairy cows 98 180.8 45 500 2 21.5 9 34 100 177.6 9 500
Beef cows 3 9 2 17 74 554.6 4 320 77 52.8 2 320
Dairy heifers 88 59.1 5 260 6 162.8 27 280 94 66.7 5 280
Beef heifers 1 4 4 4 61 13.2 1 80 62 13.5 1 80
Calves 90 62.8 2 250 78 41.4 1 310 168 52.9 1 310
Fatteners and stores 32 68.1 5 300 75 91.1 1 468 107 84.2 1 468
Bulls 73 1.8 1 16 64 1.9 1 8 137 1.9 1 16
Total cattle 98 315.4 68 886 92 173.9 25 986 190 246.9 25 986
Sheep 18 246.8 2 2000 64 396.4 3 1900 82 363.6 2 2000
Overwinter sheep 47 323.2 30 1500 25 262.4 50 1000 72 302.1 30 1500
aData not provided by four farms
bData not provided by two farms
McCann et al. BMC Veterinary Research  (2018) 14:185 Page 7 of 14
from 34.5% (January 2015) to 50% (December 2014) of
herds tested; bulk tank milk positivity rates each month
ranged from 28% (April 2015) to 59% (November 2014)
(Fig. 2).
Figures 3 and 4 show the spatial distribution and re-
sults for the sampled farms in the county of Shropshire.
Figure 3 shows that most of the dairy herds are located
in the centre and north of the county. Figure 4, which
includes all the sampled herds, demonstrates that F. hep-
atica infection appears to be spread throughout the
county with infected and uninfected herds located in
close proximity to each other.
Spatial clustering
Spatial scan statistics revealed no significant anomalies
in the spatial distribution of liver fluke infection on dairy
or non-dairy farms.
Discussion
The primary purpose of this paper is to document
the methodology used to recruit farms to a study to
identify risk factors for liver fluke infection on dairy
and beef farms. Many researchers have recruited
farmers by contacting them by post with varying re-
sults. The RADAR dataset from which we selected
our sample provided limited information on the
farms; most importantly we did not know whether
the farms were still in operation and whether the en-
terprises were primarily beef or dairy. By contacting
everyone by telephone we were able to engage dir-
ectly with farmers to determine the eligibility of their
farms for the study and gauge their interest. Further,
by visiting the farms we were able to conduct the
questionnaire by face to face interview and provide a
diagnostic test to determine the F. hepatica status of
their herds. Whilst a farmer can collect and send bulk
tank milk samples to a laboratory for analysis, the
same cannot be said for faecal samples using the
exact sampling strategy required for this study.
Only 78.6% of the target sample was successfully re-
cruited. The RADAR dataset from which the names
and addresses of cattle farms in Shropshire were ob-
tained did not included contact telephone numbers for
the farms, and hence it was necessary to use internet
search engines to find the numbers with no guarantee
that the telephone numbers were still in service or cor-
rect. In addition we were unable to find telephone
numbers for 841 of the farms listed for Shropshire in
the RADAR list. We found that some of the numbers
used to contact farms were incorrect or invalid and also
that a number of the farms we contacted were no lon-
ger in operation. We have no knowledge of whether the
farms for which we were unable to find a telephone
number were still in operation. We believe that these
issues are likely to be of a random nature and should
not result in selection bias. We were unable to contact
30.4% of the farms in the sampling list. With more
time, the target sample size could have been achieved
by randomly selecting farms from the remaining 300
farms from the list of 869 holdings from which the
farms had been selected. This would have required ex-
tending the study period; however in the spring time
(April 2015) farmers were found to be increasingly oc-
cupied with farm activities (e.g. ploughing) and had less
time available to accommodate the farm visits despite
Table 6 Output for the quasi-Poisson model to each of the
outcomes (a) total cattle and (b) total acreage with farm type
(coded 1 = dairy, 0 = non-dairy) as a single covariate
Model Coefficient Standard error
Total cattle
Intercept 5.16 0.08
Dairy/non-dairy 0.59 0.10
Total acreage
Intercept 5.40 0.08
Dairy/non-dairy 0.13 0.10
Table 7 Methods used to monitor herds for liver fluke and farmer-reported results of tests used
Method Dairy herds (n = 98) Non-dairy herds (n = 92) All herds (n = 190)
Number (%) Positive (%) Number (%) Positive (%) Number (%) Positive (%)
F. hepatica Bulk tank milk ELISA Yes 48 (49) 28 (58.3) NAa – – –
No 50 (51)
Liver inspection at abattoir Yes 32 (32.7) 24 (75.0) 23 (25.0) 16 (69.6) 55 (28.9) 40 (72.7)
No 36 (36.7) – 14 (15.2) – 50 (26.3) –
Don’t know 2 (2.0) – 0 (0.0) – 2 (1.1) –
NA 28 (28.6) – 55 (59.8) – 83 (43.7) –
F. hepatica faecal egg count analysis Yes 8 (8.2) 4 (50.0) 6 (6.5) 2 (33.3%) 14 (7.4) 6 (42.86)
No 90 (91.8) – 86 (93.5) – 176 (92.6) –
aNA not applicable
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the longer day length. Also collecting faecal samples
was found to be more difficult in the open fields when
the cattle were at grass compared to when the cattle
were housed so the period of the study was not
extended.
Achieving the target recruitment of 124 each of
dairy and non-dairy farmers was further complicated
because many farms had been included in both the
dairy and non-dairy sampling lists. This discrepancy
was generally a result of farms of each type often
having stores or fatteners of dairy and or beef breeds,
for example approximately one-third of the dairy
farms kept such animals. Of the farmers who did not
participate in the study, 44% were because of inability,
rather than unwillingness, to do so. Forty-seven of
the farms that did not participate were not eligible to
take part by reason of there being no cattle or too
few cattle or the cattle did not graze outside. On
about 8% of farms contacted the cattle had been
treated with a fasciolicide in the last 12 weeks.
Farmers were recruited into this study by telephone.
The only information available on the farms recruited
into this study was the farm address, location and num-
ber and types of cattle as provided in the RADAR data-
set. By contacting farms by telephone it was possible to
find out whether a farm, listed in the RADAR dataset,
was actively operating and whether it fulfilled the cri-
teria to take part in the study. In addition, by contact-
ing farmers by telephone it was possible to obtain
information on why farmers who fulfilled the study cri-
teria were unable to participate. This method of recruit-
ment was very time-consuming. Recruitment telephone
calls took 25 h, in addition follow-up calls were made,
many of which were made outside of normal working
hours. The internet search for the telephone numbers
took approximately 1 week. However, the personal contact
with the farmers resulted in successfully recruiting 195
farms – 65% of the farms that had been sent informa-
tion packs. Recruitment methods such as contacting
farmers in the first instance by mail would have been
less time consuming in the first instance, however no
information would be obtained on farms from which
there had been no response unless letters were
returned as undelivered.
This study did offer farmers the incentive of having
their herd tested for liver fluke; however it also required
farmers to give up 1–2 h of their time to accommodate
the visit of the research scientist. It is not possible to de-
termine whether there was any response bias associated
with non-participation because the only information
available on the non-participating eligible farms was the
Table 8 Summary of farmers’ reports of liver fluke infection on
their farms
Dairy herds
(n = 98)
Non-dairy herds
(n = 92)
All herds
(n = 190)
Number (%) Number (%) Number (%)
Evidence of fluke in cattle
in last two years
34 (34.7) 19 (20.7) 53 (27.9)
Evidence of fluke in cattle
more than two years ago
but not in last two years
15 (15.3) 6 (6.5) 21 (11.1)
Suspect fluke (Clinical signs
+/− diagnosed in sheep)
8 (8.2) 9 (9.8) 17 (8.9)
No fluke reported on farm 41 (41.8) 58 (63.0) 99 (52.1)
Table 9 Summary of reported use of fasciolicide drugs on farms
Dairy
(n = 98)
Non-dairy
(n = 92)
Total
(n = 190)
Number (%) Number (%) Number (%)
Treat cattle or sheep
with fasciolicide
within the last
two years
Yes 63 (64.3) 72 (78.3) 135 (71.1)
No 34 (34.7 19 (20.7) 53 (27.9)
Don’t know 1 (1.0) 1 (1.1) 2 (1.1)
Treat cattle with
fasciolicide
Yes 60 (61.2) 58 (63.0) 118 (62.1)
2 or more
years ago
6 (6.1) 10 (10.9) 16 (8.4)
No 31 (31.6) 23 (25.0) 54 (28.4)
Don’t know 1 (1.0) 1 (1.1) 2 (1.1)
Table 10 Results of F. hepatica faecal egg count tests according
to F. hepatica enzyme-linked immunosorbent assay (ELISA)
result on dairy farms
BTM ELISA
(PP-value)
BTM result
category
Faecal result Total (%)
Negative Positive Not available
< 27 Negative 45 14 0 59 (59.0)
27–49 Low positive 16 10 1 27 (27.0)
50–99 Medium
positive
1 11 0 12 (12.0)
≥ 100 High positive 1 1 0 2 (2.0)
100
Table 11 Results of F. hepatica faecal egg count tests in dairy
and non-dairy herds
Farm type
Dairy Non-dairy All herds
n % n % n %
Negative 63 63.6 46 50.6 109 57.4
Positive 36 36.4 45 49.5 81 42.6
Total 99 100 91 100 190 100
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numbers of cattle as provided by the RADAR dataset.
The RADAR database provides a comprehensive reposi-
tory of data on cattle farms; however the data were often
found to be out of date, as a number of farms were no
longer operating. Similar issues of RADAR data accuracy
have been reported in other studies, for example in a
study to determine bluetongue virus vaccine uptake
from a random sample of 1866 ruminant holdings, using
the RADAR data as a sample frame, 823 questionnaires
were returned of which 49 were not valid because they
had the wrong address [38].
Other studies on fluke have contacted farms by post,
but in all these cases the farmer cohort was under the
terms of their milk contract required to participate in
research projects funded by the contracting company
[4], or used an advisory service [39, 40] hence these
were not truly randomised studies. Four hundred and
50 dairy farmers were invited to participate in a survey
on liver fluke in Ireland and were sent a questionnaire
and a bulk tank milk sampling kit [39]. Contacted
farmers either participated in Teagasc (Irish Agricul-
ture and Food Development Authority) discussion
groups or were selected by Teagasc dairy advisors,
which is a probable explanation for the high response
rate of 82%. In a postal survey of Irish dairy farms to
obtain information on parasite control practices, 96%
of the 312 farmers who were sent the questionnaire
responded. The study farms were randomly selected
from the Irish Cattle Breeding Federation database and
all were members of HerdPlus®, a management deci-
sion support tool for dairy farmers [40]. Participation
in the study was entirely voluntary and
non-incentivised. In a observational study on liver
fluke of high-yielding dairy farms who were contracted
to supply milk to a major-supermarket chain, 58% of
606 farmers who were sent a questionnaire by post
either completed a paper or online version [4]. Reasons
for non-completion of the questionnaire were not ob-
tained, however all the farms contacted were operating
as the researchers obtained bulk tank milk samples for
all of them from National Milk Laboratories. In these
three studies, enough information was known about
the farms to believe that they were operating and that
recruitment by post would result in successful contact
with the farms concerned.
In this study, 189 questionnaires were completed
during the farm visit; however only three of the six
farmers who were asked to return the questionnaire
by mail returned them. This may be due to a lack of
interest in the study, but is unlikely to introduce bias
because of the small number of farms involved.
In this study, by choosing to contact farms by tele-
phone using landline telephone numbers that were
obtained using internet search engines, farms were
excluded from participating if they could not be con-
tacted using the number found. Some of these farms
may have no longer been in operation. However, it is
also possible that, with the increasing popularity of
mobile phones, some farmers may no longer use
landline telephones. Of 64% of the farms in the sam-
pling list that could not be contacted, the telephone
was either not answered or there was an answerphone;
however failure to contact farms was unlikely to be a
cause of non-response bias. In addition, randomising the
order in which farms were visited should have prevented
any sampling bias in the results according to type, size
and management system of the farms.
Fluke eggs were found in nearly 50% of the non-dairy
herds. Only 28% of the non-dairy farmers reported that
they monitored their cattle for fluke infection with 37%
of these reporting that they either had evidence of fluke
in their herds or suspected that their cattle were
Fig. 2 Proportion of farms with positive results in the i. F. hepatica sedimentation test for composite faecal samples ii. Fasciola-specific bulk tank
milk (BTM) ELISA each month (November 2014 – April 2015)
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infected. However 63% of non-dairy farmers reported
using fasciolicide; it would appear that many farmers use
drugs without knowing if their animals are infected.
In dairy herds where 62% of farmers reported that they
monitored their herds for fluke infection by one or more
method, fluke eggs were found in 36% of herds and 41%
of herds were positive by the BTM F. hepatica ELISA.
The reported use of fasciolicides in 61% of dairy herds
was similar to that reported in non-dairy herds although
the timing of treatment was different.
The majority of dairy herds sampled had year round
calving and in 50% of herds, cows were treated at the
beginning of the dry period which may not coincide
with when they are most at risk of infection. The
BTM antibody ELISA detects liver fluke antibodies
that are present in milk and is a good screening test
for lactating dairy cows that contribute their milk to
the BTM sample. Antibodies may persist 4–10 weeks
after treatment; hence the ELISA cannot distinguish
between current and recent exposure [41]. Discordant
Fig. 3 Map showing the location of each dairy farm, georeferenced using X and Y coordinates are jittered randomly within a circular disc of
radius 5 km to preserve confidentiality, and colour coded to show liver fluke infection status as determined using a Fasciola-specific bulk tank
milk (BTM) ELISA and a F. hepatica sedimentation test for composite faecal samples
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results were found between the F. hepatica BTM anti-
body ELISA and the faecal analyses in 32 herds.
Eighteen herds were positive by the BTM ELISA but
negative for fluke eggs. There are several possible ex-
planations for this result. Firstly whilst the specificity
of the faecal egg count test is high, the sensitivity is
low, 30–70% depending on method and study area
[7]. In this study we used a composite test which
adds a layer of complexity. Also, in herds with year-
round calving and routine dry cow treatment for
fluke, there is likely to be a continuous entry of newly
calved uninfected cows that may still be antibody
positive, thus resulting in a positive BTM ELISA and
negative faecal egg count. Also F. hepatica antibodies
are produced in the serum 2–4 weeks after infection
hence an ELISA that detects antibody in the milk can
detect early, pre patent infection whilst a faecal egg
count will only detect patent infection.
The finding of 14 dairy herds which were negative by
the BTM and positive for faecal eggs may be explained
by the characteristics of the BTM ELISA used in the
study. A positive BTM ELISA result identifies herds in
which least 25% of cows have been exposed which
means that some of the cows from herds with a
Fig. 4 Map showing the location of each farm, georeferenced using X and Y coordinates are jittered randomly within a circular disc of radius 5
km to preserve confidentiality, and colour coded to show farm type and liver fluke infection status as determined using a F. hepatica
sedimentation test for composite faecal samples
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within-herd prevalence of less than 25% may be infected.
The method of collection of faecal samples for the study
was random, hence samples from infected cows was
probable in some herds which had low levels of infec-
tion. The composite method for faecal samples is de-
signed to detect a positive herd with 95% certainty
whilst the BMT ELISA is designed to detect herds with
more than 25% of cattle infected.
In this study the prevalence of fluke infection was 55%
in dairy herds by BTM ELISA and/or a composite faecal
egg count test, while the reported use of fasciolicide
drugs was over 60%. Whilst previous data are not avail-
able for the herds in this study, other researchers have
found that in endemic regions of Spain, Switzerland and
Belgium, where repeated surveys were carried out, there
was little change in prevalence of infection despite regu-
lar fasciolicide treatment [7].
The prevalence of fluke as determined by the compos-
ite faecal egg count test in the non-dairy herds was 49%.
The detection of fluke eggs in faeces requires a patent
infection – egg laying commences 10–12 weeks after in-
gestion of metacercariae. In the UK fasciolosis is a seasonal
disease, development of the parasite in the intermediate
host occurs between May and October if the weather con-
ditions are appropriate, and cattle acquire infection in the
autumn. In this study, farms were recruited and visited over
a seven month period from October 2014 – April 2015. It
is likely that some of the cattle which were sampled in
October or November may have become infected with
metacercariae in the autumn and may have tested negative
for liver fluke eggs because the infection was not patent at
the time of sample collection.
In this study we did not find any spatial pattern in
the spread of negative and positive results, this is im-
portant because the farms were situated in a small
area and would have had similar climates.
Conclusions
In this study we successfully recruited 79% of the target
sample of farms into a study of liver fluke in cattle.
Whilst recruitment by telephone was time consuming,
by engaging directly with farmers we were able to deter-
mine why farmers were able/not able to participate. The
information collected from each farm, together with en-
vironmental data, is being used to develop models to
identify risk factors associated with different levels of in-
fection at the farm level.
Abbreviations
APHA: Animal and Plant Health Agency; BMT: Bulk milk tank; CI: Confidence
interval; CPH: County Parish Holding; ELISA: Enzyme-linked immunosorbent
assay; ES: Excretory/secretory; GIS: Geographical Information System; HP: High
positive; LP: Low positive; MP: Medium positive; NADIS: National Animal
Disease Information Service; OD: Optical density; PCA: Postcode area;
PP: Percent positivity; RADAR: Rapid Analysis and Detection of Animal-related
Risk; Teagasc: Irish Agriculture and Food Development Authority
Acknowledgements
We would like to thank Catherine Hartley, John Graham-Brown, Catherine
Glover, Buddhini Bandara Athauda and Alice Balard for laboratory support
and Jennifer Carney for administrative support. This study would not have
been possible without the support and cooperation of the cattle farmers in
Shropshire who gave up their time to take part in the study.
Funding
The authors would like to acknowledge financial support of the BBSRC
(BBSRC BB/K015591/1), the Agricultural and Horticultural Development Board,
Quality Meat Scotland, Hybu Cig Cymru and Agrisearch Northern Ireland. The
funding bodies had no role in the design of the study and collection, analysis
and interpretation of data and in writing the manuscript.
Availability of data and materials
The datasets generated during and/or analysed during the current study are
available in the Liverpool Research Data Catalogue, [http://dx.doi.org/10.17638/
datacat.liverpool.ac.uk/406].
Authors’ contributions
The study was conceived and designed by DW, CM and MB; HC provided
statistical advice on study design and analysis. The manuscript was written
by CM and commented on by all authors. All authors have read and
approved the manuscript.
Ethics approval and consent to participate
The study protocols were approved by the University of Liverpool Committee
on Research Ethics (ref: VREC246). Farmers who participated in the study signed
and completed a Consent Form.
Competing interests
The authors declare that they have no competing interests.
Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.
Author details
1Department of Infection Biology, Institute of Infection and Global Health,
University of Liverpool, Liverpool, UK. 2Department of Public Health and
Policy, Institute of Psychology, Health and Society, University of Liverpool,
Liverpool, UK. 3National Institute of Health Research Health Protection
Research Unit in Emerging and Zoonotic Infections, University of Liverpool,
Liverpool, UK. 4Department of Epidemiology and Population Health, Institute
of Infection and Global Health, University of Liverpool, Liverpool, UK. 5Present
address: Epidemiology Research Unit, Scotland’s Rural College (SRUC), An
Lòchran, Inverness Campus, Inverness IV2 5NA, UK.
Received: 27 October 2017 Accepted: 31 May 2018
References
1. Mezo M, Gonzalez-Warleta M, Castro-Hermida JA, Muino L, Ubeira FM.
Association between anti-F. hepatica antibody levels in milk and production
losses in dairy cows. Vet Parasitol. 2011;180(3–4):237–42.
2. Charlier J, Van der Voort M, Hogeveen H, Vercruysse J. ParaCalc(R)- a novel
tool to evaluate the economic importance of worm infections on the dairy
farm. Vet Parasitol. 2012;184(2–4):204–11.
3. Charlier J, Duchateau L, Claerebout E, Williams D, Vercruysse J. Associations
between anti-Fasciola hepatica antibody levels in bulk-tank milk samples
and production parameters in dairy herds. Prev Vet Med. 2007;78(1):57–66.
4. Howell A, Baylis M, Smith R, Pinchbeck G, Williams D. Epidemiology and
impact of Fasciola hepatica exposure in high-yielding dairy herds. Prev Vet
Med. 2015;121(1–2):41–8.
5. Cawdery MJ, Conway A. Production effects of the liver fluke, Fasciola
hepatica, on beef cattle. Vet Rec. 1971;89(24):641–3.
6. Sanchez-Vazquez MJ, Lewis FI. Investigating the impact of fasciolosis on
cattle carcase performance. Vet Parasitol. 2013;193(1–3):307–11.
7. Charlier J, Vercruysse J, Morgan E, van Dijk J, Williams DJ. Recent advances
in the diagnosis, impact on production and prediction of Fasciola hepatica
in cattle. Parasitology. 2014;141(3):326–35.
McCann et al. BMC Veterinary Research  (2018) 14:185 Page 13 of 14
8. Salimi-Bejestani MR, Daniel RG, Felstead SM, Cripps PJ, Mahmoody H,
Williams DJ. Prevalence of Fasciola hepatica in dairy herds in England and
Wales measured with an ELISA applied to bulk-tank milk. Vet Rec. 2005;
156(23):729–31.
9. McCann CM, Baylis M, Williams DJ. Seroprevalence and spatial distribution
of Fasciola hepatica-infected dairy herds in England and Wales. Vet Rec.
2010;166(20):612–7.
10. Byrne AW, McBride S, Lahuerta-Marin A, Guelbenzu M, McNair J, Skuce RA,
McDowell SW. Liver fluke (Fasciola hepatica) infection in cattle in Northern
Ireland: a large-scale epidemiological investigation utilising surveillance
data. Parasit Vectors. 2016;9:209.
11. Pritchard GC, Forbes AB, Williams DJ, Salimi-Bejestani MR, Daniel RG.
Emergence of fasciolosis in cattle in east Anglia. Vet Rec. 2005;157(19):578–82.
12. Kenyon F, Sargison ND, Skuce PJ, Jackson F. Sheep helminth parasitic
disease in south eastern Scotland arising as a possible consequence of
climate change. Vet Parasitol. 2009;163(4):293–7.
13. Fox NJ, White PC, McClean CJ, Marion G, Evans A, Hutchings MR. Predicting
impacts of climate change on Fasciola hepatica risk. PLoS One. 2011;6(1):e16126.
14. Malone JB. Biology-based mapping of vector-borne parasites by geographic
information systems and remote sensing. Parassitologia. 2005;47(1):27–50.
15. Fuentes MV. Proposal of a geographic information system for modeling
zoonotic fasciolosis transmission in the Andes. Parasitol Latinoam. 2004;59:51–5.
16. Bennema SC, Ducheyne E, Vercruysse J, Claerebout E, Hendrickx G, Charlier J.
Relative importance of management, meteorological and environmental
factors in the spatial distribution of Fasciola hepatica in dairy cattle in a
temperate climate zone. Int J Parasitol. 2011;41(2):225–33.
17. Brunsdon RV. Principles of helminth control. Vet Parasitol. 1980;1:185–215.
18. Williams DJ, Howell A, Graham-Brown J, Kamaludeen J, Smith D. Liver fluke –
an overview for practitioners. 2015. http://www.cattleparasites.org.uk/app/
uploads/2018/04/Liver-fluke-an-overview-for-practitioners.pdf. Accessed 17 Nov
2017.
19. Sargison ND, Scott PR. Diagnosis and economic consequences of
triclabendazole resistance in Fasciola hepatica in a sheep flock in south-East
Scotland. Vet Rec. 2011;168(6):159–64.
20. Boray JC, Crowfoot PD, Strong MB, Allison JR, Schellenbaum M, Von Orelli
M, Sarasin G. Treatment of immature and mature Fasciola hepatica
infections in sheep with triclabendazole. Vet Rec. 1983;113(14):315–7.
21. Fairweather I. Triclabendazole: new skills to unravel an old(ish) enigma.
J Helminthol. 2005;79(3):227–34.
22. Overend DJ, Bowen FL. Resistance of Fasciola hepatica to triclabendazole.
Aust Vet J. 1995;72(7):275–6.
23. Mitchell GB, Maris L, Bonniwell MA. Triclabendazole-resistant liver fluke in
Scottish sheep. Vet Rec. 1998;143(14):399.
24. Moll L, Gaasenbeek CP, Vellema P, Borgsteede FH. Resistance of Fasciola
hepatica against triclabendazole in cattle and sheep in the Netherlands.
Vet Parasitol. 2000;91(1–2):153–8.
25. Gaasenbeck CP, Moll L, Cornelissen JB, Vellema P, Borgsteede FH. An
experimental study on triclabendazole resistance of Fasciola hepatica in
sheep. Vet Parasitol. 2001;95:37–43.
26. Alvarez-Sanchez MA, Mainar-Jaime RC, Perez-Garcia J, Rojo-Vazquez FA.
Resistance of Fasciola hepatica to triclabendazole and albendazole in sheep
in Spain. Vet Rec. 2006;159(13):424–5.
27. Brennan GP, Fairweather I, Trudgett A, Hoey E, McCoy MCM, Meaney M,
Robinson M, McFerran N, Ryan L, Lanusse C, Mottier L, Alvarez L, Solana H,
Virkel G, Brophy PM. Understanding triclabendazole resistance. Exp Mol
Pathol. 2007;82(2):104–9.
28. Daniel R, van Dijk J, Jenkins T, Akca A, Mearns R, Williams DJ. Composite
faecal egg count reduction test to detect resistance to triclabendazole in
Fasciola hepatica. Vet Rec. 2012;171(6):153.
29. Brockwell YM, Elliott TP, Anderson GR, Stanton R, Spithill TW, Sangster NC.
Confirmation of Fasciola hepatica resistant to triclabendazole in naturally
infected Australian beef and dairy cattle. Int J Parasitol Drugs Drug Resist.
2014;4(1):48–54.
30. Hanna RE, McMahon C, Ellison S, Edgar HW, Kajugu PE, Gordon A, Irwin D,
Barley JP, Malone FE, Brennan GP, Fairweather I. Fasciola hepatica: a
comparative survey of adult fluke resistance to triclabendazole, nitroxynil
and closantel on selected upland and lowland sheep farms in Northern
Ireland using faecal egg counting, coproantigen ELISA testing and fluke
histology. Vet Parasitol. 2015;207(1–2):34–43.
31. NOAH, National Office for animal health. NOAH Compendium. 2017.
http://www.noahcompendium.co.uk/. Accessed 20 May 2017.
32. McCann CM, Baylis M, Williams DJ. The development of linear regression
models using environmental variables to explain the spatial distribution of
Fasciola hepatica infection in dairy herds in England and Wales. Int J
Parasitol. 2010;40(9):1021–8.
33. Paiba GA, Roberts SR, Houston CW, Williams EC, Smith LH, Gibbens JC,
Holdship S, Lysons R. UK surveillance: provision of quality assured
information from combined datasets. Prev Vet Med. 2007;81(1–3):117–34.
34. Animal Health and Veterinary Laboratories Agency (AHVLA), Protocol for
liver fluke infection in cattle herds. Herd® Catt Health Improv Serv, 2009
Version 6, 40–52.
35. MAFF. Ministry of Agriculture, Fisheries and Food (MAFF). Manual of
Veterinary Parasitological Laboratory Techniques. 1986.
36. Kulldorff M, Nagarwalla N. Spatial disease clusters: detection and inference.
Stat Med. 1995;14:799–819.
37. de Souza EA, da Silva-Nunes M, Malafronte Rdos S, Muniz PT, Cardoso MA,
Ferreira MU. Prevalence and spatial distribution of intestinal parasitic
infections in a rural Amazonian settlement, acre state, Brazil. Cad Saude
Publica. 2007;23:427–34.
38. Webb CR, Floyd T, Brien S, Oura CA, Wood JL. Bluetongue serotype 8
vaccine coverage in northern and South-Eastern England in 2008. Vet Rec.
2011;168(16):428.
39. Selemetas N, Phelan P, O’Kiely P, de Waal T. The effects of farm
management practices on liver fluke prevalence and the current internal
parasite control measures employed on Irish dairy farms. Vet Parasitol. 2015;
207(3–4):228–40.
40. Bloemhoff Y, Danaher M, Andrew F, Morgan E, Mulcahy G, Power C, Sayers
R. Parasite control practices on pasture-based dairy farms in the Republic of
Ireland. Vet Parasitol. 2014;204(3–4):352–63.
41. Salimi-Bejestani MR, McGarry JW, Felstead S, Ortiz P, Akca A, Williams DJ.
Development of an antibody-detection ELISA for Fasciola hepatica and its
evaluation against a commercially available test. Res Vet Sci. 2005;78(2):177–81.
McCann et al. BMC Veterinary Research  (2018) 14:185 Page 14 of 14
